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Abstract. In this paper we study A3560, a rich cluster at the southern periphery of the A3558 complex, a chain 
of interacting clusters in the central part of the Shapley Concentration supercluster. 

From a ROSAT-PSPC map we find that the X-ray surface brightness distribution of A3560 is well described by 
two components, an elliptical King law and a more peaked and fainter structure, which has been modeled with a 
Gaussian. The main component, corresponding to the cluster, is elongated with the major axis pointing toward the 
A3558 complex. The second component, centered on the Dumb-bell galaxy which dominates the cluster, appears 
significantly offset (by ~ 0.15 h _1 Mpc ) from the cluster X-ray centroid. 

From a Beppo-SAX observation we derive the radial temperature profile, finding that the temperature is constant 
(at kT ~ 3.7 keV) up to 8 arcmin, corresponding to 0.3 h _1 Mpc : for larger distances, the temperature 
significantly drops to kT ~ 1.7 keV. We analyze also temperature maps, dividing the cluster into 4 sectors and 
deriving the temperature profiles in each sector: we find that the temperature drop is more sudden in the sectors 
which point towards the A3558 complex. 

From VLA radio data, at 20 and 6 cm, we find a peculiar bright extended radio source (J1332-3308), composed 
of a core (centered on the northern component of the Dumb-bell galaxy) , two lobes, a "filament" and a diffuse 
component. The morphology of the source could be interpreted either by a strong interaction of the radio source 
with the intracluster medium or by the model of intermittency of the central engine. 

Key words. X-rays: galaxies: clusters - galaxies: clusters: general - galaxies: clusters: individual: A3560 



1. Introduction 

Merging has been recognized as the leading process in 
massive cluster formation, as a consequence of the hier- 
archical structure formation scenario. A large amount of 
numerical work has been done to study this phenomenon 
at all the relevant scales: among others, Ricker et al. (2001) 
studied in detail the physics of the plasma during the colli- 
sion of two clusters under different initial conditions, while 
Colberg et al. ( 1999| ) analyzed the role of the cosmological 
environment on the merging. 

From the observational point of view, the improvements of 
the Point Spread Function and sensitivity of the Chandra 
satellite led to the detailed description of the shocks 
(Markevitch et al. 2002j ) and t he di scovery of the so-called 
"cold fronts" (Vikhlinin et al. 2001 ), which are direct con- 
sequences of merging at an advanced state. 
Little work has been done on the global, multiscale de- 
scription of this phenomenon. To this end, we are carry- 
ing on a long term project aimed at studying the merging 



in the particularly rich environment of the central part 
of the Shapley Concentration supercluster. In this region, 



three "cluster complexes" are found (Zucca et al. 1993), 
i.e. structures of ~ 7 h _1 Mpc (hereafter h = H o /10Q) 
which represent major cluster mergings at various evolu- 
tionary stages. 

The most massive structure, the A3558 complex (Figure 
|l|), is probably a collision seen after the first core-core 
encounter (Bardelli et al. 1998b). The whole complex, 



formed by a chain of three ACO clusters and two poor 
group s, is embedded in a hot gas filament (Bardelli et al. 
1996| ; Kull & Bohringer 1999|) an d in a c ommon envelope 



of galaxies (Bardelli et al. |1994| , |l998j) . The estimated 
mass ranges betw een 1 15 and 10 16 M Q ( Bard elli et al. 
|2000| , Ettori et al. |l997| , Reisenegger et al. [20001) . 
The entire structure presents a large number of substruc- 
tures, some of which have an X-ray counterpart as dif- 
fuse emission (Bardelli et al. 2002). Moreover, the merg- 



ing seems to lead to a lack of radio sources with respect 
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to "normal" clusters (Venturi et al. 200C). The presence 
of a halo radio source, of a minihalo and a relic radio 
source (Venturi et al., in preparation) is further evidence 
of "stormy weather" . 

In this paper we concentrate on the cluster A3560, a rich 
cluster at the southern periphery of the A3558 complex. In 
Figure |l| a mosaic of the available ROSAT-PSPC frames 
is shown and gives the large-scale distribution of the clus- 
ters in this region. The two groups labelled SC1327 and 
SC1329 are SC1327 - 312 and SC1329 - 313. 
The distance of A3560 from the nearest X-ray clump of 
the A3558 complex (corresponding to SC1329 — 313) is 
^3 h _1 Mpc . Given the proximity of such a large mass 
concentration, the high pr edicte d infall velocity (~ 2000 
km s _1 , Reisenegger et al. 2000 ) and the existence of the 
un derlyi ng overdensity of the supercluster (sec Bardelli et 
al. 2000 ), a certain degree of disturbance can be expected 
for A3560. 

The plan of the paper is the following. In Sect. 2 we de- 
scribe the general properties of A3560 and in Sect. 3 we 
perform the spatial analysis of the ROSAT-PSPC map. 
In Sect. 4 we analyze our new Beppo-SAX observations 
on this cluster, obtaining temperature profiles and maps, 
while in Sect. 5 we present the properties of the central 
radio source of A3560. Finally in Sect. 6 we discuss and 
summarize the results. 
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Fig. 1. Large scale view of the center of the Shapley 
Concentration centered on the A3558 complex. This im- 
age is a mosaic of all the pointed ROSA T-PS PC frames 
available in this region (see Ettori et al. 1997 ). Note the 
position of the cluster A3560 (on the bottom). 



2. The cluster A3560 

Abell 3560 is a cluster of richness class 3 and Bautz- 
Morgan class I; the center has coordinates ck20oo = 
13 h 32 m 22 s , <5 20 oo = -33°05'24". Not e that the position 
reported by Abell, Corwin & Olowin ( 1989Q , i.e. 02000 = 
13 ft 31 m 50 s and <5 200 o = -33°13.4', corresponds neither 
to an optical overdensity nor to a diffuse X-ray emission. 
Probably, there was a mistake in reporting the position, 
considering that nearby this position a bright galaxy is 
located (NGC5193): given its redshift (z ~ 0.012), this 
galaxy is not associated with the cluster. More details 
about this discrepancy can be found in Willmer et al. 
( |l999|) and references therein. 



On the basis of 32 redshifts, Willmer et al. ( |1999| ) esti- 
mated (v) = 14470 ± 123 km s" 1 and a = 614 ± 68 km 
s _1 and detected a marginal significance of substructure 
by applying the Lee 2-3D statistics. 

This cluster is dominated by a Dumb-bell galaxy: Willmer 



et al. ( 1999) reported the velocities of the two components, 



consistent each other within the errors and at rest with the 
cluster velocity centroid. 

At the redshift of the cluster (z — 0.048), assuming 
q = 0.5, 1 arcmin corresponds to ~ 38.56 h^ 1 kpc. 



3. ROSAT spatial analysis 

ROSAT-PSPC data for A3560 have been taken from the 
public HEASARC archive, and are part of the ~ 6000 sec- 
onds observation referenced as RP800381A02. In Figure || 




Fig. 2. X-ray isophotes, from a ROSAT-PSPC observa- 
tion pointed on A3560, superimposed on the optical image 
from the Digital Sky Survey. The bright elliptical galaxy 
(with a nearby edge-on spiral) in the lower right corner 
is NGC5193. See the text for further details about the 
isophotes. 

we present the X-ray isophotes superimposed on the opti- 
cal image from the Digital Sky Survey: the contours refer 
to the inner 20' of the ROSAT-PSPC data, where the vi- 
gnetting is small. The data have been smoothed with a 
Gaussian of 10 pixel FWHM (1 pixel = 15 arcsec) and 
the linear step between contours is 0.30, with the lowest 
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Fig. 3. Model isodensity contours superimposed to a x 2 
map of the difference model-data. The pixels have a 3 x 3 
rebinning with respect to the original frame. Visible points 
correspond to \ 2 > 6 and have been clipped from the fit. 

isophote corresponding to 0.282 cts pix -1 (well above the 
background value, see below). Already at a first look at 
the image, it is clear that the cluster is formed by two 
components with offset centers: one symmetric, circular 
component and one elongated, more extended contribu- 
tion. 

For this reason, following Bardelli et al. ( f 996] ), we fitted 
the surface brightness distribution using an elliptical King 
law and a Gaussian of the form 



I g exp 



-3/3+0.5 



(X - Xgf + (y~ Vg ) 2 



2a 2 



bck 



(1) 



where 



(a; - x k ) cos6> + (y ~ y k ) sin6» 
-{x - x k ) sin 9 + (y - y k ) cos6> 



in order to take into account the position angle 9 of the 
cluster. The variables to be estimated are the two normal- 
izations I and I g , the positions (x k , y k ) and (x g , y g ) of 
the centers of the cluster and of the Gaussian respectively, 
the position angle of the cluster (0) , its core radii (i?i and 
R2), the exponent of the King law (j3), the width of the 
Gaussian (a). The background (bck) has been estimated 
by averaging the count-rates in 9 areas in the external 
parts of the map, and resulted to be 0.078f ± 0.0029 cts 
pix -1 . 

The fit has been performed by minimizing the x 2 variable 
between the model and the data, after having rebinned 



(3x3 pixels) the original image. A number of strongly 
(x 2 > 6) deviant pixels, which likely correspond to real 
sources, have been eliminated from the fit procedure. The 
results of the fit, done in the [0.5-2.0] keV band, are re- 
ported in Table |J 

In Figure |^ we show the model isodensity contours super- 
imposed to a x 2 map of the difference model-data. The 
pixels have a 3 x 3 rebinning with respect to the original 
frame. 

The centers of the two resulted to be separated by 15.39 
pixels (3.8 arcmin), corresponding to O.f 5 h -1 Mpc . In or- 
der to verify if the peaked component is really a Gaussian, 
we subtracted the King model from the data map and an- 
alyzed the residuals separately with various image fitting 
packages. In all cases the Gaussian model was compati- 
ble with the data and the dispersion parameter consistent 
with our ones. 

The position angle of the King model is tilted 32 degrees 
westward with respect to the North direction: note that 
this value is close to the direction toward A3558 (~ 30 
degrees), which is ~ 4.6 h _1 Mpc away from A3560 and 
is thought to be the barycenter of the A3558 cluster com- 
plex. 



4. Beppo-SAX spectral analysis 

4.1. Observations and data reduction 

The cluster A3560 was observed by the Beppo-SAX satel- 



lite (Boella et al. |1997a[ ) in the period 1-3 July 2000, with 
a total exposure time of 65.5 ksec. 

Here we discuss the data from two of the instruments 
onboard Beppo-SAX: the Medium-Energy Concentrator 
Spectrometer (MECS) and the Low-Energy Co ncentra tor 
Spectrometer (LECS). The MECS (Boella et al. |l997b[) is 
composed of two units, working in the [1-10] keV energy 
range. At 6 keV, the energy resolution is ~ 8% and the an- 
gu lar res olution is ~ 0.7' (FWHM). The LECS (Parmar et 
al. 1997 ), consists of an imaging X-ray detector, working in 
the [0.1-9] keV energy range, with 20% spectral resolution 
and 0.8' (FWHM) angular resolution (both computed at 1 
keV). Standard reduction procedures and screening crite- 
ria have been adopted to produce linearized and equalized 
event files. The MECS (LECS) data preparation and lin- 
earization was performed using the Saxdas (Saxledas) 
package under Ftools environment. 
We have taken into account the PSF-induced spectral dis- 
tortions (D'Acri et al. |199^ ) in the MECS analysis us- 
ing effective area files produced with the effarea program. 
All MECS and LECS spectra have been background sub- 
tracted using spectra extracted from blank sky event files 
in the same region of the detector as the source (see Fiore 
et al. 1999). A detailed explanatio n of t he MECS analysis 
is given in De Grandi & Molendi (|200l|) . 
As done in Ettori et al. fl2000p , for the LECS we have 
used two redistribution matrices and ancillary response 
files, the first computed for an on-axis pointlike source and 
the second for a source with a flat brightness profile. The 
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Table 1. Results of the bi-dimensional fit (errors are at la level). 



Component 


Normalization 




core radii 


p 6 


King 


0.93 ± 0.05 cts 
3.20 x 10~ 7 erf 


pix 1 

; str -1 cm~ 2 s _1 


33.75 ± 1.63 - 28.86 ± 1.44 pix 
0.325 - 0.278 h" 1 Mpc 


0.525 ± 0.022 32° ± 5° 


Component 


Normalization 




a 




Gaussian 


1.69 ± 0.38 cts 
6.07 x 10" 7 erf 


pix -1 

; str -1 cm - s _1 


8.08 ± 0.42 pix 
0.08 h" 1 Mpc 
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Fig. 4. Spectrum and fit of the MECS+LECS data within 
8 arcmin from the center of A3560. 
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Fig. 5. Temperature radial profile of A3560. The vertical 
bars correspond to 68% errors, while the horizontal bars 
represent the bins used to extract the counts. The dotted 
line corresponds to the global fit, derived within 8 arcmin. 



temperatures and abundances we derive in the two cases 
do not differ significantly, as the telescope vignetting in 
the [0.1-4.0] keV energy range is not strongly dependent 
upon energy. All spectral fits have been performed using 
XSPECVer. 10.00, fittin g the data with a mekal (Mewe 
et al. 1995 , Kaastra 1992 ) model, absorbed for the nomi- 
nal Galactic hydrogen column density (wabs model). The 
hydrogen column has been fixed to the value of 4.1 x 10 20 
citT 



(Dickey & Lockman 1990) 



(within one sigma) with the standard value of 0.5, we fixed 
it at 0.5. The results (see Figure @) are kT = 3.69±gj^ 
keV and abundance 0.13to'og with a reduced \ 2 °f 1-19 
and 363 degrees of freedom. 

The temperature is in agreement with the value of 3.4 
keV estimated by Ebeling et al. (1996) on the basis of the 
Lx — T relation. 

Following the a — T relation of Lubin & Bahcall fll993| ) 
[a = 332(/cT) 6 km s -1 ], the determined temperature im- 
plies a velocity dispersion of 727l 1 y km s _1 (one sigma 



4.2. Global temperature 

We fitted the spectrum of A3560 within 8 arcmin (cor- 
respondig to ~ 0.3 h" 1 Mpc ). First we estimated 
the temperature and abundance from the two combined 
MECS instruments, in the [2-10] keV range. We found 
kT = 3.80toil keV and an abundance 0.10±°;J°, where 
the errors are at the 90% significance level. The reduced by David et al. fll999j ). 
X 2 is 1.44 with 109 degrees of freedom. 
The temperature and abundance determination for the 



-17 

errors), which is consistent at 1.6 sigma with the value 
estimated by Willmer et al. (1999). 

With the estimated temperature, the total luminosity 
within 16 arcmin is £[2-io]fceV = 3.6 x 10 43 h~ 2 erg 
s _1 corresponding to a bolometric luminosity of Lx = 
7.1 x 10 43 h~ 2 erg s^ 1 well consistent with the PSPC- 
ROSAT value of L x = 6.9 x 10 43 h~ 2 erg s" 1 estimated 



LECS in the range [0.3-3] keV gives kT = 3.34+^;™ keV 
and abundance 0.331q 3 3 , with 1.08 of reduced \ 2 an d 251 
degrees of freedom. 

Given the fact that these estimates are consistent with 
each other, in order to enhance the statistics we fitted the 
combined LECS+MECS data. First, we ran the fit by es- 
timating also the relative normalization between the two 
instruments: having checked that this number is consistent 



4.3. Temperature profiles and maps 

In analysing temperature profiles and maps we used only 
the MECS data, for which the correction for the PSF- 
induced spectral distortions is available. 
The cluster emission has been divided into concentric an- 
nuli, centered on the X-ray emission peak: out to 8 arcmin 
the annuli are 2' wide, beyond this radius the annuli are 4' 
wide. To all spectra accumulated from these annular re- 
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A3560 [B'-iS'] 




channel energy (keV) 

Fig. 6. Spectrum, fit and residuals of the MECS data in 
the 8-f 2 arcmin annulus. 




Fig. 7. Beppo-SAX MECS image of A3560. The image 
has been smoothed with a Gaussian of 6 pixels FWHM, 
corresponding to 0.8 arcmin. The concentric circles corre- 
spond to the bins of the radial profile, while the quadrants 
correspond to the sectors used for the temperature map 
analysis. In this case, the third and fourth shells have been 
used as a single radial bin. 



gions, we have applied the model described in Sect. 4.1 
to derive temperature and metal abundances. The fit- 
ting procedure stops at the last annulus where the source 
counts are more than 30% of the total (i.e. source plus 
background) counts (see the discussion in De Grandi & 
Molendi p002| ). 

In Figure ^| we report the temperature profile of A3560 in 
annuli around the cluster center. The vertical bars corre- 
spond to the 68% errors and the horizontal bars represent 
the bins used to extract the counts. The dotted line cor- 
responds to the value obtained from the global fit. 
Regarding the abundance, the values derived in the first 
three bins are consistent with the global determination, 
while the fit was unconstrained for the last two points. 




Radius [arcmin] 

Fig. 8. Temperature map of A3560. The vertical bars cor- 
respond to 68% errors, while the horizontal bars represent 
the bins used to extract the counts. Dotted lines are drawn 
in correspondence of the global fit temperature. 

Therefore for radii larger than 6 arcmin the plotted tem- 
peratures were derived fixing the abundance to the global 
value. 

The profiles are in agreement with those obtained by 
Bonamente et al. ( |2001[ ) using ROSAT-PSPC data. In par- 
ticular, it is encouraging that at large distances from the 
center (~ 10 arcmin), they show the same low tempera- 
ture: given the fact that this is an independent estimate, 
the result is not an artifact of the MECS or of our back- 
ground subtraction procedure. The spectral fit of the data 
in the last annulus is shown in Figure [| the temperature 
is l.65t° il keV and the reduced x 2 is 1-03 with 62 de- 
grees of freedom. We note however that the robustness of 
the MECS temperature estimate at su ch dis tances was al- 
ready demonstrated by Bardelli et al. ( 2002 ): with the use 
of two different overlapping exposures, we measured the 
temperature of the same point once with the inner part 
of the MECS and once with the external part, finding the 
same result. 



The first point of Bonamente et al. (2001), corresponding 
to our first two radial bins, although at lower tempera- 
ture (2.2 keV), is still consistent with our determinations. 
However, due to the different energy range, the PSPC is 
more sensitive to lower temperature than the MECS and 
therefore we cannot rule out the existence of a multiphase 
medium. 

In order to explore if there is an asymmetry of the temper- 
ature distribution due to the interaction of the intracluster 
medium with possible material of the A3558 complex, we 
divided the cluster map in four sectors as shown in Figure 
0. Sector 1 is North of the image and the numbers increase 
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clockwise. In order to increase the statistics, we used the 
third and fourth shells as a single radial bin. In Figure || 
the temperature profiles in the four sectors are presented. 
In all the quadrants the last point is consistent to be at the 
same low temperature, but the temperature drop is more 
sudden in sectors 1 and 2, while it is smoother in the other 
sectors. Indeed, the temperature derived in the 4' — 8' an- 
nulus from the combined fit of sectors 1 + 2 is 4.34l ; 7 g 
keV, while for sectors 3 + 4 it is 2.80±ol\ keV: therefore 
the values are different at ~ 2.5er confidence level. 
Considering the region where the cluster is isothermal, at 
the global temperature of kT — 3.69 keV, the derived to- 
tal mass is M(< 0.3 h" 1 Mpc ) = (3.08 ±0.19) x 10 13 h" 1 
M©. If we extrapolate this mass up to a radius of 1 h _1 
Mpc , we find M(< 1 tr 1 Mpc ) = (1.89 ± 0.12) x 10 14 
h A/q, consistent within the errors with the v alue of 
1.64±g;?f x 1O 14 M given by Willmer et al. (|l999| ), based 
on optical data within 30 arcmin (corresponding to ~ 1.16 
h Mpc ). However, given the fact that this cluster 
presents a temperature gradient, this extrapolation can- 
not be considered reliable. We tried to model the gradient 
in th e gas temperature with a polytropic profile (Ettori 
200C ), finding an index 7 > 2: this indicates that the in- 
tracluster medium is unstable to convective mixing, with 
turbulent motions that relax to an homogeneous gas after 
several sound crossing times [f s (10 arcmin) w 1.5 x 10 9 
h yr w 0.25 t age universe] - This fact questions the valid- 
ity of the hydrostatic equilibrium hypothesis for regions 
at distances > 0.3 h _1 Mpc from the cluster center. 
The situation of the Gaussian component is also complex, 
because of the lack of temperature determination. The 
MECS and LECS instruments do not have enough spatial 
resolution to separate the spectra of the Gaussian compo- 
nent from the King model; moreover, the luminosity of the 
Gaussian component is only ~ 2% of the total luminosity. 
The best direct measurement can be considered the cen- 
tral point of Bonamente et al. (p001[) at kT = 2.2±q | keV, 



obtained from a ROSAT-PSPC map. Note that, although 
this spike is cooler than the cluster, there is no cooling 
flow: in fact, we derived a cooling time of 3.9 x 10 13 yr. 
In order to have an independent temperature estimate, we 
followed a more indirect way: we calculated the densities 
of the King and of the Gaussian models at the center of 
the latter and imposed pressure equilibrium. In this case 
n^kT K = n G kT G , where the indexes K and G refer to 
the two models. Given the fact that n G depends on fcT , 
we solve the equation iteratively, finding kT G = 1.12 keV. 
The pressure found at the center of the Gaussian results 
in P = 3.73 x 10~ 12 h° D dyn cm~ 2 . However, in the 
case where the Gaussian component has a temperature 
of kT = 2 keV, the pressure is P = 5.90 x 10~ 12 h 5 dyn 
cm~ 2 : in this case the pressure balance with the cluster is 
reached at a distance from the center of the order of ~ 0.08 
h _1 Mpc , corresponding to lex of the Gaussian. These es- 
timates can only give an idea of the pressure inside the 
density spike in order to study the central radio source 
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Fig. 9. Radio isocontours at a wavelenght of 20 cm super- 
imposed to the optical image taken from the Digital Sky 
Survey (DSS2). The resolution is 4.2 x 3.7 arcsec with a 
position angle of 61°. The map noise is 0.14 mJy/beam 
and the first contour correspond to 0.45 mJy/beam. The 
other n th contours are spaced by a factor 2™. 



(see Sect. 5), but we have to take in mind the possibility 
that this entity is not at all at pressure equilibrium. 



5. The radio galaxy J1332-3308 

At radio wavelengths A3560 is dominated by the extended 
radio galaxy J1332-3308, associated with the Dumb-bell 
galaxy cited in Sect. 2. This source is located approxi- 
mately at the center of the peaked component of the hot 
gas distribution (see Sect. 3). No other radio sources in the 
A3560 field are associated with cluster galaxies. 
This radio galaxy was observed over a wide range of radio 
frequencies with the Very Large Array (VLA, New Mexico, 
USA) and with the Australia Telescope Compact Array 
(ATCA, Narrabri, Australia) as part of a larger project 
addressing extended radio galaxies in the central region of 
the Shapley Concentration (Venturi et al. in preparation). 
In this section we will present only those radio properties 
of this source relevant to the astrophysical problems dealt 
with in the present paper. 

In Figure || we show the 1.4 GHz VLA image of the ra- 
dio galaxy overlaid on the DSS-2 optical image. As can 
be seen, J1332-3308 is a complex radio source, as is often 
found at the centre of galaxy clusters, with a total power 
of log P(W Hz" 1 ) = 24.41 at 1.4 GHz. This value can be 
considered the transition power between FRI and FRII 



radio galaxies (Fanaroff & Riley 1974), and among the 
largest values found for r adio g alaxies loc ated a t the cen- 
tre of rich c lusters (Burns 1990 : Ball et al. 1993 ; Gregorini 
et al. 1994 ). The origin of the radio emission is likely to 
be associated with the north-eastern component of the 
Dumb-bell galaxy. 
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Table 2. Physical parameters of J1332-3308 
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Fig. 10. Radio isocontours at a wavelenght of 6 cm. The 
resolution is 2.1 x 1.2 arcsec with a position angle of 5°. 
The map noise is 46 /iJy/beam and the first contour cor- 



responds to 0.15 mJy/beam. The other 
spaced by a factor 2". 



contours are 



The higher resolution image at the wavelength of 6 cm 
(Figure |o|) suggests that the overall morphology of the ra- 
dio galaxy includes five different components: the nucleus 
of the radio emission, associated with the north-eastern 
optical nucleus of the optical counterpart, two "fat" and 
extended lobes, labelled lobe N and lobe S, a small fil- 
ament of radio emission located South of the radio core 
(pointing southwards), and a diffuse extended emission 
South of the lobe S. The connection between these com- 
ponents is unclear, and a detailed discussion will be car- 
ried out in Venturi et al. (in preparation). One possibility 
is that all components are coeval, and that the complex 
morphology is the result of cluster weather, i.e. interaction 
with the surrounding intracluster gaseous medium (Burns 
1998[ ), possibly combined with orientation effects of the 



radio emission. One alternative possibility is that J1332- 
3308 consists of one "active" part, the nucleus and the two 
extended lobes N and S, and of one "relic" emission, the 
filament and the diffuse southern structure. 
We estimated the equipartition parameters for this source, 
using all the interferometric images available from 1.4 GHz 
to 8.6 GHz. They are summarised in Table |[ The entries 
in the table are: the component as described above (Col. 
1); the spectral index in the range 1.4 GHz - 8.6 GHz, to 
be read in the sense Soc v~ a (Col. 2); the equipartition 
magnetic field (Col. 3); the internal pressure at equipar- 



Component 




B e9 


p eq (io- 12 ) 






/xG 


h 4/7 dyn cm 2 


Core 


0.47 


32.6 


131.1 


Lobe N 


0.94 


5.4 


3.6 


Lobe S 


0.75 


5.9 


4.4 


Filament 


0.81 


14.7 


26.8 


Diffuse 


0.74 


4.2 


2.2 



tion (Col. 4). We note that the equipartition parameters 
were computed taking into account cylindric geometry, a 
filling factor $ = 1 and a ratio between protons and elec- 
trons K = 1. 

The equipartition parameters in the extended components 
(lobes and filament) are those expected for the lobes and 
tails of extended sources in clusters of galaxies (Feretti et 
al. ~ 



1992). Overall, J1332-3308 is in pressure equilibrium 



_ with the external medium (see Sect. 3). 



6. Conclusions 

In this paper we studied A3560, a rich cluster (richness 
class 3) at the southern periphery of the A3558 complex, 
a chain of interacting clusters in the central part of the 
Shapley Concentration supercluster. 

From the ROSAT-PSPC map we found that the X-ray 
surface brightness distribution of A3560 is well described 
by two components, an elliptical King law and a more 
peaked and fainter structure, which has been modeled 
with a Gaussian. The main component, corresponding to 
the cluster, is elongated with the major axis pointing to- 
ward the A3558 complex. The second component, centered 
on the Dumb-bell galaxy which dominates the cluster, ap- 
pears significantly offset (by ~ 0.15 h _1 Mpc ) from the 
cluster X-ray centroid. However, the contribution of this 
component to the global luminosity is only ~ 2%. 
From the Beppo-SAX observation we derived the radial 
temperature profile, finding that the temperature is con- 
stant (at kT ^3.7 keV) up to 8 arcmin, corresponding to 
0.3 h _1 Mpc : for larger distances, the temperature sig- 
nificantly drops to kT ~ 1.7 keV. This drop questions the 
validity of the hydrostatic equilibrium hypothesis for re- 
gions at distances > 0.3 h _1 Mpc from the cluster center. 
We also analyzed temperature maps, dividing the cluster 
into 4 sectors and deriving the temperature profiles in each 
sector: we found that the temperature drop is significantly 
more sudden in sectors 1 and 2 (which point towards the 
A3558 complex), while it is smoother in the other sectors. 
From the VLA radio data, at 20 and 6 cm, we found a 
peculiar bright extended radio source (J1332-3308), com- 
posed of a core (centered on the northern component of 
the Dumb-bell galaxy), two lobes, a "filament" and a dif- 
fuse component. The filament is not aligned with any of 
the two lobes and seems to point towards the diffuse com- 
ponent. 
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At a first look this source seems a Wide Angle Tail source, 
but the filament and the diffuse component do not fit this 
scenario. We suggest two possible interpretations of this: 

i) All components are related to the same nuclear activity: 
in this case the filament and the diffuse emission are due 
to a strong interaction of the radio source with the intra- 
cluster medium. This interaction could originate from the 
offset position of the peaked X-ray component hosting the 
radio source with respect to the overall cluster (see Figure 
|3|). This offset can suggest a motion of the peaked com- 
ponent roughly along the major axis of the cluster: the 
consequent ram pressure can be responsible for the pecu- 
liarity of the radio source. 

ii) The components are the result of an intermittency of 
the nuclear engin e, foll owing the model invoked for 3C 338 
by Burns et al. ( 1983 ): in this case the filament and the 
diffuse component are the remnants of a previous activity 
of the radio source, while the core and the lobes are the 
result of the present activity of the same source. As in 
case i), also in this scenario a motion of the radio core in 
the North-South direction is required. The only difference 
with respect to 3C 338 is that in our case all components 
have flatter spectral indexes, indicating that J1332-3308 
is younger. 

Further investigations are needed to discriminate between 
these models: in particular, the interaction between the 
radio source and the cluster diffuse emission is a typi- 
cal topic where the high resolution power of the Chandra 
satellite will be decisive. 

As a general conclusion, the elongation in the direction of 
the A3558 complex, the offset of the peaked component 
with respect to the centroid of the cluster and its motion 
(suggested by the radio data) and the sudden drop in the 
temperature profile seem to indicate that A3560 is a dy- 
namically disturbed cluster. 
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